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During the course of studies upon the precipitable substance  of the
streptococci  (1),  it  was determined  that  the hemolytic  streptococci,
the  non-hemolytic  streptococci,  and  the pneumococci  form serologi-
cally distinct and non-related  groups,  as far at least as concerns  the
precipitin reaction.  Further, it was found that the hemolytic strepto-
cocci form a practically  homogeneous  group, while the non-hemolytic
strains  are  decidedly  heterogeneous.  The latter  observations  were
confirmed  by the  reaction  of complement  fixation,  using as  antigens
the bacterial  extracts containing  the precipitable substance.
In view of the many reports of cross-relationships between  the two
familiesof streptococci, as evidenced by agglutination, thread reaction,
and complement  fixation  (2-6), it became  desirable further  to study
the strains  at hand  with a  view  to  confirming  previous  statements,
and, in  addition,  to determining  whether  the pneumococci  might  be
brought  into  orderly  relationship  with  either  of  the  streptococcus
families.  Leaving  out  of  account  the unconfirmed  and  improbable
reports  of species  transmutation,  it has not up  to the  present  been
possible  to find in  the literature any carefully demonstrated  proof of
the latter possibility.  It  is evident,  however, that the idea has sug-
gested itself to many,  as witness the scattered  tentative proposals  of
relationship  between  pneumococci  and  green  streptococci,  casually
mentioned during the course of  discussions on other subjects.
For the medium  of this study, the reaction  of complement  fixation
was chosen.  The employment  of a new technique in the preparation
of the  bacterial  antigens  was  obviously  necessary,  as  solutions  con-
taining the precipitable  substance,  practically free  from protein,  had
been  found  to  be  devoid  of  the  property  of  cross-fixation.  The
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unsatisfactoriness  of  bacterial  saline  suspensions  was  evident  upon
analysis  of those  studies in which  they had been employed.  It  was
determined,  therefore,  to have recourse to whole bacterial solutions in
antiformin,  as previously employed by Kinsella (4) for similar studies.
Methods.
1. Table I presents a brief  rsum6 of  the sources  and properties  of  the strains
employed.  In every  case the  cultures were plated out  at least twice upon blood
agar, and each time single colonies were picked for isolation.  Bile solubility  tests
were made by mixing  0.2  cc. of sterile ox bile with 0.8  cc.  of 24 hour plain  broth
culture, and incubating in the water bath at 370 ° for 2 hours.  For testing the effect
upon red  cells, 0.5  cc. of a 24 hour plain broth culture  was mixed in a small tube
with  an equal volume  of a 5 per cent suspension  of washed sheep erythrocytes  in
saline, and the mixture was incubated  in the water bath at 370 for 1 hour.
2. Bacterial  antigens  were prepared as  follows:  The organisms  contained in a
24 hour  culture in  1 per cent dextrose beef  infusion broth were separated  by cen-
trifugation,  washed  once with physiological  saline, and again sedimented.  They
were  then  desiccated  overnight in  acuo over phosphoric  anhydride.  The dried
material was finely ground in a small mortar, and weighed to the nearest milligram.
4  per  cent antiformin  was  added,  in  the proportion  of 0.5  cc. per mg. of solid
material, and the mixture, tightly stoppered, was heated in the water bath at 560
with  occasional  vigorous  shaking  until solution  was  complete.  The  water-clear
liquid was neutralized with  - sulfuric acid,  using litmus paper as an  indicator,
and  the chlorine  was liberated  by the addition  of 5  per cent  sodium thiosulfate,
using  12 drops per cc. of solution.  After centrifugation,  saline containing 0.5 per
cent phenol was added until the final volume was such that 1 cc. corresponded  to 1
mg. of the desiccated organism.
3.  Rabbits were used for immunization.  The antistreptococcic sera were those
used in the study of the precipitin reaction, and their preparation has been described
elsewhere (1).  Immunization to pneumococci was effected as follows: On 3 consec-
utive  days  there were given intravenously  10 cc. of whole  18 hour culture in plain
beef infusion broth,  killed by heating in the water bath at  560 for 1 hour.  After
7 days rest followed,  on consecutive days,  three further injections, each consisting
of the organisms  recovered  by  centrifugation  from  50  cc.  of plain  broth  culture,
resuspended  in  10 cc.  of the supernatant  liquid, and killed as before.  Following
a further  week's  rest,  there  were given  three  more consecutive  doses,  each  con-
sisting of the organisms  similarly prepared from 100  cc. of plain broth culture.  8
to 10 days following  the last dose  the animals  were bled.  In most cases the sera
were found to  be rich in  complement-fixing  and precipitating  antibodies,  though
disappointing  results  were  the  rule  with  the  fixed  types.  As  soon  as  pos-
sible after  the securing of a satisfactory  serum, it was tested  against  each of the
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TABLE  I.
Sources and Properties of Strains Employed.
Source.
Rabbit, spontaneous infection.
Throat,  follicular tonsillitis.
Pus, pyopneumothorax.
Blood culture, bacterial endo-
carditis.
Blood culture, rheumatic fever.
cc  it  Cc  it
Heart  valve  (necropsy),  rheu-
matic endocarditis
Normal throat.
Blood culture, bacterial endo-
carditis.
Normal throat.
Sputum, chronic bronchitis.
"  bronchial  asthma.
"  bronchopneumonia.
Blood culture, bacterial endo-
carditis.
Blood culture, rheumatic fever.
id"  "  bacterial  endo-
carditis.
Blood culture,  bacterial endo-
carditis.
Subcutaneous  rheumatic
nodule.
New  York  State  Board  of
Health.
Normal throat.
Sputum, lobar pneumonia.
Source unknown.
Sputum, bronchiectasis.
"  bronchial  asthma.
Normal  throat.
Sputum, bronchiectasis.
"  bronchopneumonia.
"  terminal  broncho-
pneumonia.
Sputum chronic bronchitis.
Pus empyema.
''  "I
Bile.
Insoluble.
tc
II
.l
I.
Soluble.
C
C
t(
4'
C'
'C
Red cells.
Hemolysis.
Methemoglobin.
cc Ct
4'
cc
Indifferent.
Methemoglobin.
15
Strain.
R80
S2
S3
A4
A49
A135
A179
B1
2B
B3
B4
C1
2C
C3
2D
38D
MB
R
W72
L3
M1
N1
N2
P1
P3
P4
P5
P8
P9
P11
P12
P13
P14
Type.
I
III
II
II, atypical.
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
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thirty-three antigens and the results were noted.  Usually the rabbit received a few
small injections  to prevent the falling off of immunity, and after 2 or 3 weeks was
bled again.  The serum  from this bleeding  was tested against  the same antigens,
and the results were compared  with those previously  obtained.  The same state-
ment  applies also to the animals employed for the production of antistreptococcus
sera,  each  of which  was bled  several  times during  the process  of immunization.
Thus, in some instances,  as immunity  rose, as many as four comparative observa-
tions were made on the range of fixation of the sera.
4.  The complement fixation reactions were performed with the following quan-
tities:  0.1 cc. of bacterial solution was used as antigen.  The system was the usual
rabbit anti-sheep combination,  two units each of fresh guinea pig complement and
of amboceptor being employed.  Five descending dilutions of immune serum  were
used;  viz., 0.1  cc.,  0.5  cc., 0.25  cc.,  etc.  The antigen-serum-complement  mixtures
were  diluted to  1.5  cc.  with saline, and were incubated  in the water bath at 370
for 1 hour.  At the end of this time,sensitized cells prepared by mixing equal parts
of washed 5 per cent sheep cells in saline and of diluted amboceptor were added in
amounts of 1 cc.  and the mixture was incubated in the water bath at 370  for  45
minutes.  At the  end of  this time  the  tubes were promptly  removed  to  the ice
box, and were allowed to remain there overnight before the final reading.
The  results are presented  in Table II.  The great majority of  the
sera gave entirely satisfactory fixation with their homologous antigens.
The others are included for the sake of completeness.
DISCUSSION.
A few  considerations become immediately apparent.  The uniform-
ity of the hemolytic  streptococci  is perceived,  although  of course  the
number of strains is entirely too limited  to permit of final conclusions
upon  this  point.  The  matter  has  been  discussed  at  length  else-
where  (1,1  7).
As  concerns  the  non-hemolytic  family,  the  statement  of  Kinsella
and Swift (8)  as to the inverse ratio between fixability of antigen and
fixation  range  of antiserum  is  confirmed,  and  the individual  strains
have  been  tabulated  in  accordance  with  this  finding.  It  has  thus
been found possible  to delimit  roughly two great groups,  one falling
upon the right side of the chart, and the other upon the left, with a few
connecting  strains.  This again  corresponds  closely  with  the findings
of Kinsella and Swift.  That this classification is not absolutely sharp,
'  Hitchcock  (1),  p. 445.
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however,  is  shown  by  the  properties  of  strains  B4  and  MB,  their
corresponding, antisera  showing  fixation  with  the  great  majority  of
the organisms  used,  regardless  of position.
Among themselves,  the pneumococci  show no very sharp demarca-
tions.  Although, in general, it may be remarked  that the fixed types
show  a  little greater  individuality,  yet  cross-reactions  are  frequent.
On the whole, it may be said that the Type IV members are practically
uniform,  and,  so  far  as  concerns  their  antigens,  show a  closer  rela-
tionship to  the  two  strains of Type II than  to either  of the  others.
On the other hand, while the Type III  antigen is  fixed by relatively
few sera,  the corresponding  serum shows  a wide  range which  allies it
with the Type IV strains and with the right side of the non-hemolytic
streptococcus  chart.
The family interrelationships  may be stated in a few words.  The
sera  of the  hemolytic  strains show  a range  of  fixation  covering  the
entire  non-hemolytic  streptococcus  and  the  pneumococcus  families.
Their  antigens,  however,  are  fixed  only  by  the non-hemolytic  sera
on the left side,  and by one strain  only (P3)  of  pneumococci.  They
are therefore more closely related to the left side of the non-hemolytic
family than to the right.  In all this they are imitated by non-hemoly-
tic strains B4 and MB, which may therefore be regarded as very nearly
allied  to them.
Conversely,  the  entire pneumococcus  family  is,  in general,  rather
closely  related  to members  of  the  non-hemolytic  streptococci on the
right side.  The  one  exception  to this is Strain P3, which shows just
as decided an affiliation with the left side.  This  variation,  however,
does not affect the relationships within the family proper.
Clearly  these  cross-reactions  must  depend upon  the presence  of a.
factor  or  of factors  differing  rather widely from  the soluble precipit-
able  substance.  Their  nature  is  at present  obscure.  It is possible
that  the  strength  of antiformin  used  is  sufficient  to decompose  this
substance slightly, sufficiently to give rise to the production  of simpler
substances  of wider reactive  capacity.  Or, it is perhaps  more likely
that the protein or lipoid-protein fraction of the bacteria, or the deriva-
tives  of  this fraction  produced  by  the action  of  the antiformin,  are
responsible  for  these  reactions.  This  speculation  calls  to  mind  the
recently  demonstrated  fact  that  the  protein  of  the  pneumococcus
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shows species-but not type specificity  (9).  It  has been  found that
the bacterial  solutions employed  give only weak precipitin  reactions,
even with  the most potent sera-a fact  which perhaps is in favor  of
the  first  assumption.  But in  the present  state  of  our ignorance  of
the entire mechanism of  this reaction, it is just as conceivable  that it
may be inhibited through  the presence in  the solutions  of substances
of which at present we are unable to take account,  rendering unneces-
sary the assumption of a decomposition  of the precipitable  substance.
Experiments  to decide this point are at present under way.
SUMMARY  AND  CONCLUSIONS.
Using  the complement  fixation  reaction with whole bacterial  solu-
tions as antigens, it has been possible to confirm the  existence, within
the non-hemolytic  streptococcus  family,  of two great groups.
One  of  these  groups,  that which  may be designated  as of the left
side, is related in an orderly  way to the hemolytic streptococci;  the
other  of the right side,  is similarly related  to  the entire  pneumococ-
cus family.
In  addition,  the  hemolytic  streptococcus  family  shows  a reactive
range which relates it, though less closely, to the non-hemolytic strepto-
cocci of the right side, and to the pneumococci.
The existence of these cross-relationships  is not associated  with the
precipitable  substance  of either  family,  but  may tentatively  be  pre-
sumed  to be dependent upon  the properties  of the  protein or lipoid-
protein fraction of the bacterial  cell.
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